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[57] ABSTRACT 

A focus balance automatic adjusting device includes an 
adder, an envelop detector circuit, a disturbance generator 
and signal processing section. The adder adds together 
signals obtained by converting signal currents detected by a 
four-divided detector into voltages by use of first and second 
current-voltage converters to create an RF signal. The an 
envelop detector circuit effects the peak detection and bot- 
tom detection for the RF signal and creates an RFRP signal 
which is a difference between the peak detection signal and 
the bottom detection signal. The disturbance generator gen- 
erates disturbance signals for deviating the focus position in 
positive and negative directions. The signal processing sec- 
tion receives the RFRP signal and the disturbance signal to 
control the gain of the second current- voltage converter. The 
focus balance is automatically adjusted by introducing a 
disturbance signal output from the disturbance generator 
into a focus servo loop, de-focusing the focus position in two 
opposite directions by a preset amount, and setting levels of 
the RFRP signal having amplitude information obtained at 
this time equal to each other. 

26 Claims, 9 Drawing Sheets 
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FOCUS BALANCE AUTOMATIC ADJUSTING 
DEVICE AND AUTOMATIC ADJUSTING 
METHOD 

This application is a Continuation of application Ser. No. 5 
08/196,384, filed on Feb. 15, 1994, now abandoned. 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 
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This invention relates to a disk reproducing device such as 
a CD (compact disk) player for optically reading informa- 
tion stored on a disk, and more particularly to a focus 
balance automatic adjusting device and automatic adjusting 
method for adjusting the focus balance by controlling a 15 
focus servo. 

2. Description of the Related Ait 

In order to effect the recording/reproducing operation 
with high density and high fidelity, a digital storage/repro- 
duction system for converting an audio signal into a digital 
signal by the PCM (Pulse Code Modulation) technique, 
storing the signal on a recording medium such as a disk or 
magnetic tape and reproducing the signal is used. Particu- 
larly, a CD player for creating a bit (or pit) string corre- ^ 
spending to digital data on a disk with a diameter of 12 cm 
and opticaUy reading the bit string is now most widely used. 
With such a disk reproduction device, recorded data is read 
by moving an optical pickup unit having a semiconductor 
laser, photoelectric converting element or the like disposed ^ 
therein in a direction from the inner periphery to the outer 
periphery of the disk by the linear tracking and rotating the 
disk with the constant linear velocity (CLV). When a semi- 
conductor laser is used as the pickup element, a laser beam 
is applied from the pickup element to the track on the disk 
to delect the presence or absence of a pit based on the 
intensity of the reflected light and recorded digital data is 
reproduced based on the result of detection. 

In order to always create the smallest spot by the laser 
beam on the track of the disk on which data is recorded, it 40 
is necessary for the pickup element to follow the fluctuation 
of the focus position caused by a variation in the thickness 
of the disk, the warping thereof and the like. As the error 
detection method of the focus servo to serve the above 
purpose, a large number of methods such as an astigmatism 45 
metiiod, knife-edge method, wedge prism method and criti- 
cal angle method are known. Among the above methods, the 
astigmatism method is most often used. In the astigmatism 
method, a plane-parallel plate or cylindrical lens is disposed 
in a return path of the laser beam or focusing light path of 50 
the reflected beam to intentionally cause a large astigmatism, 
detect an elliptical beam form before and after the circle of 
least confusion (circular beam form) and derive a focus error 
signal. If a detector is disposed in the position of the circle 
of least confrision with the disk set in the focused position, 55 
the light amount distribution on the detector is changed into 
an elliptical form in the out-of-focus position. Therefore, a 
focus error signal can be obtained by adding the detection 
signals on portions of the respective diagonal lines of the 
four-divided detector and deriving the difference therebe- go 
tween. This method has an advantage tiiat the optical system 
can be made small and the detection sensitivity can be made 
high. 

Next, the focus balance adjusting circuit of the focus 
servo for the optical system of the conventional disk repro- 65 
ducing device using die astigmatism method is explained in 
detail with reference to FIGS. 1 and 2. 



In die circuits shown in FIGS. 1 and 2, the above- 
described four-divided detector is used. A four-divided 
detector 11 constructed by a photodiode. for example, is 
designed to permit signals (currents) to be derived from four 
divided portions. The signal currents on portions lying on 
the respective diagonal lines are added togctiier and the 
results of addition are respectively supplied to current- 
voltage converters 12-1 and 12-2 and respectively supplied 
to an inverting input terminal (-) and non-inverting input 
terminal (+) of a differential amplifier 13 via resistors Rl and 
R2. A difference between the two signals output from the 
detector 11 is derived by die differential amplifier 13. A 
parallel circuit of a resistor R3 and a capacitor CI is 
connected between the inverting input terminal (-) and an 
output terminal of the differential amplifier 13. Further, a 
capacitor C2 and a semi-fixed resistor (volume) 19 is 
cormected between the non-inverting input terminal (-I-) of 
the differential amplifier 13 and a ground terminal. An 
output of the differential amplifier 13 is supplied to a focus 
equalizer 15 as a focus error signal FE and the gain and 
phase thereof are compensated for by the equalizer 15. 
Whether the focus error signal FE is supplied to the equal- 
izer 15 or not is controlled by use of a loop ON/OFF switch 
14. When the switch 14 is set in the OFF state, die focus 
error signal FE is supplied to the equalizer 15, and when the 
switch 14 is set in the ON state, the potential of die input 
terminal of the equalizer 15 is set to the ground potential. An 
output signal of the focus equalizer 15 is supplied to a 
selection switch 16. The selection switch 16 is switched to 
select the output signal of the equalizer 15 or a focus search 
signal FS and supplies a selected signal to a driver 17, Then, 
a focus actuator 18 is driven by the driver 17. 

Output signals of the current-voltage converters 12-1 and 
12-2 are supplied to an inverting input terminal (-) of a 
differential amplifier 20 via resistors R4 and R5, respec- 
tively. A resistor R6 is connected between the inverting input 
terminal (-) and an output terminal of the differential 
amplifier 20 and die non-inverting input terminal {+) thereof 
is connected to the groimd terminal with this connection, the 
differential amplifier 20 acts as an adder. A total sum signal 
of die four-divided detector 11 is derived by the adder, and 
as a result, an RF (radio frequency band) signal (which is 
also called as a HF signal) which is information data is 
created. 

The RF signal is binary coded by a data extraction circuit 
22 and supplied to a signal processing circuit 23 as an EFM 
(eight to fourteen modulation) signal. In the signal process- 
ing circuit 23, the EFM demodulation, sub-code demodula- 
tion, error correction processing and the like are effected and 
the results of die processings are supplied to a digital/analog 
converter (D AC) 24 as data DA. An output of die DAC 24 
is supplied to a low-pass filter (LPF) 25 and the high 
frequency component thereof is cut off. Then, an output of 
the LPF 25 is output as a reproduced audio signal Aouj- 

In die focus balance adjusting circuit shown in FIG. 1, the 
focus balance adjusting operation is effected by use of the 
semi-fixed resistor (volume) 19. That is, the focus balance is 
adjusted by coimecting the semi-fixed resistor 19 to one of 
die signal paths via which two signals obtained by adding 
outputs of portions on the respective diagonal lines of the 
four-divided detector 11 are supplied to the differential 
amplifier 13 and changing the gain of the differential ampli- 
fier 13. Generally, a target to be adjusted is not determined 
and varies depending on the type of die pickup and the error 
detection method. Since the performances of recent pickups 
are made stable, a method for setting the target to the jitter 
minimum point of the RF signal and amplitude maximum 
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point may be often used. Further, the RF signal is subjected 
to the EFM, but a method for extracdng only the signal 
component called 3T which most frequently occurs in the 
signal components of the RF signal by use of a band pass 
filter or the like and adjusting the extracted signal level to the 5 
maximum point can be used. Since the performance of an 
optical pickup head of a CD player or the like is stable, the 
focus balance adjustment can be effected by setting the 
adjusted point to a point at which the amplitude of the RF 
signal becomes maximum. 

10 

FIG. 2 shows another focus balance adjusting circuit of 
the focus servo in the conventional disk reproduction device 
using the astigmatism. The circuit shown in FIG. 2 is 
different from the circuit of FIG. 1 in that an offset adding 
section formed of a semi-fixed resistor 21A and a resistor 
21B is connected to the inverting input terminal (-) of the 
differential amplifier 13. The circuit of FIG. 1 is based on a 
system for adjusting the gain of one of the differential inputs, 
and FIG. 2 is based on a adjusting system by offset addition. 
The other circuit consttuction is substantially the same as the 
circuit of FIG. 1 simply by replacing the semi-fixed resistor ^ 
19 by the resistor R7. However, in either case, it is always 
necessary to adjust the focus position at the time of focus 
servo operation in the manufacturing process. 

As described above, the balance adjustment in the con- ^ 
ventional focus servo system is effected by adjusting the 
gain of an amplifier (differential amplifier 13) for creating a 
focus error signal FE to control the degree of out-of-focus 
caused by variations in the detectors 11 and variations in the 
optical parts or controlling the offset amount applied to the 
focus servo system. That is, the focused position is adjusted 
by controlling the focus servo loop. The adjustment of the 
focused position is effected by reproducing a reference disk 
or the like on the manufacturing line at the time of mass 
production of sets and adjusting the semi-fixed resistor 
(volume) 19 or 21A. 

However, in recent years, the effect obtained only by the 
above volume adjusunent is not satisfactory from the view- 
point of the enhancement of the playability. omission of the 
adjustment of the set and maintenance of the performance 40 
against deterioration with time which are required for the 
disk reproduction device. Further, the focus balance adjust- 
ment has not been practiced since the automatic operation 
thereof is difficult from the viewpoint of the performance of 
the pickup. Therefore, die adjustment was effected by a 45 
robot or a penon by reproducing a reference disk on the 
manufacturing line at the time of mass production of sets. As 
a result, the condition of die adjustment is limited to the 
condition set at a specified time and it is impossible to adjust 
a slight deviation of the adjustment point during the opera- 5Q 
tion caused by deterioration of the constant of the parts and 
the pickup element and variation in the temperature envi- 
ronment 

As the conventional focus balance automatic adjusting 
device, devices disclosed in Japanese Patent Disclosures 55 
(KOKAI) No. H.2-118923 and H.3-3121 are known. The 
former device uses a detector for an amplitude of the RF 
signal sensitive to the de-focus to adjust the conversion gain 
of the first-stage differential amplifier. However, in general, 
since the de-focus characteristic displays a parabolic char- 60 
acteristic, a problem that the direction in which the differ- 
ential gain should be changed cannot be determined at the 
starting time of Uie adjusting process occurs. Therefore, it 
becomes necessary 10 change the differential gain in one 
direction, detect a variation in the state caused at this time 65 
and determine the direction in which the feedback must be 
effected. As a result, the adjustment becomes complicated. 
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In the latter device, a process of monitoring the de-focus 
state at a plurality of points, detecting two points at which 
the amplitude levels of the VFO are always equal to each 
other, causing the controller to fetch the value obtained at 
this time and deriving an offset at the intermediate point 
between the two points based on the above information 
becomes necessary. That is, in the technique disclosed in the 
above document, it is necessary to detect the position which 
is de-focused at least once with a relatively high resolution 
even when die initial state is temporarily set extremely near 
tile final adjustment point based on variations in the sets and 
long time for tiie adjustment is necessary. 

SUMMARY OF THE INVENTION 

A first object of this invention is to provide a disk 
reproduction device capable of easily automatically adjust- 
ing the focus balance. 

A second object of this invention is to provide a disk 
reproduction device capable of automatically adjusting the 
focus balance according to the use condition of a set. 

A third object of tiiis invention is to provide a disk 
reproduction device capable of preventing the deviation in 
die adjustment caused by deterioration of the pickup element 
and electric parts with time. 

A fourth object of this invention is to provide a focus 
balance automatic adjustment device and automatic adjust- 
ment method capable of always controlling the focus servo 
system into an optimum state. 

Furtiier, a fifth object of this mvention is to provide a 
signal processing device capable of always controlling the 
focus servo system into an optimum state. 

The above first to third objects of this invention can be 
attained by a disk reproduction device comprising a pickup 
unit for optically reading information recorded on a disk; a 
servo control unit for controlling the focus position in the 
pickup unit; a control signal creation circuit for creating a 
first control signal used for controlling the focus position of 
the pickup unit based on die information read from the disk; 
a disturbance generator for generating a disturbance signal 
having first and second levels; an adder for adding the first 
control signal and the disturbance signal together and out- 
putting the result of addition to the servo control unit; a level 
detection circuit for detecting a first amplitude level of an 
output signal from the pickup unit when the disturbance 
signal is set at the first level and detecting a second ampli- 
mdc level of the ou^ut signal from the pickup unit when the 
disturbance signal is set at the second level; and a difference 
circuit for creating a second control signal corresponding to 
a difference between the first and second amplimde levels 
and outputting the second control signal to the control signal 
creation circuit; wherein the control signal creation circuit 
creates the first control signal in response to the second 
control signal. 

The fourth object of this invention can be attained by a 
focus balance automatic adjusting device comprising a focus 
adjusting circuit for adjusting the focus position of a light 
beam in an optical pickup unit for reading information 
recorded on a disk by applying a light beam to the disk and 
receiving die reflected light; a focus control circuit for 
creating a control signal to control the focus adjusting 
circuit; a disturbance generator for generating a dismrbance 
signal having first and second levels for deviating the focus 
position of the light beam in opposite directions; a level 
detection circuit for detecting levels of outputs of the optical 
pickup unit generated when the first and second levels of the 
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disturbance signal are input; a level difference deriving 
circuit for deriving a difference between the output level of 
the optical pickup unit detected by the level detection circuit 
when the disturbance signal is set at the first level and the 
output level of the optical pickup unit detected when the 5 
disturbance signal is set at the second level; and a signal 
processing circuit for controlling the focus control circuit 
according to a level difference output from the level differ- 
ence deriving circuit to set the output level of the optical 
pickup unit obtained when the disturbance signal is set at the 
first level and the output level of the optical pickup unit 
obtained when the disturbance signal is set at the second 
level equal to each other. 

Further, the object of this invention can be attained by a 
focus balance automatic adjusting method comprising the 
steps of generating a disturbance signal of first level; sup- 
plying the disturbance signal of first level to an optical 
pickup unit to deviate the focus position of a light beam in 
a first direction; detecting a first amplitude level of an output 
signal of the optical pickup unit obtained when the distur- 
bance signal of first level is input; generating a disturbance 
signal of second level; supplying the disturbance signal of 
second level to the opdcal pickup unit to deviate the focus 
position of the light beam in a second direction which is 
opposite to the first direction; detecting a second amplitude 
level of an output signal of the optical pickup unit obtained ^ 
when the disturbance signal of second level is input; deriv- 
ing a difference between the first and second amplitude 
levels; correcting the focus position of the light beam of the 
optical pickup unit according to the derived difference 
between the first and second amplitude levels; and deter- 
mining that the light beam of the optical pickup unit is 
focused when the first and second amplitude levels are set 
equal to each other. 

According to the above construction and method, the ^5 
de-focus direction and deviation amount can be determined 
by introducing the disturbance signal of first and second 
levels to the focus servo system and forcedly and alternately 
de-focusing the light beam in the positive and negative 
directions. Therefore, the focus servo system can always be ^ 
set in the optimum state by adequately effecting the focus 
balance adjustment at the time of operation of tiie system. 

The fifth object of this invention is attained by a signal 
processing device comprising a control signal creation cir- 
cuit for creating a first control signal used for controlling the 45 
focus position of an optical pickup unit for optically reading 
information recorded on a disk; a disturbance generator for 
generating a disturbance signal having first and second 
levels; an adder for adding the first control signal and the 
disturbance signal together and outputting tiie result of 50 
addition to a servo control unit for controlling the focus 
position of the pickup unit; a level detection circuit for 
detecting a first amplitude level of an output signal from the 
pickup unit when the dismrbance signal is set at the first 
level and detecting a second amplitude level of the output 55 
signal from the pickup unit obtained when the disturbance 
signal is set at die second level; and a difference circuit for 
creating a second control signal corresponding to a differ- 
ence between the first and second amplitude levels and 
outputting the second control signal to the control signal 50 
creation circuit; wherein the control signal creation circuit 
creates the first control signal in response to the second 
control signal. 

With the above construction, the de-focus direction and 
deviation amount can be determined by introducing the 65 
disturbance signal of first and second levels into the focus 
servo system and forcedly and alternately defocusing the 
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light beam in the positive and negative directions. Therefore, 
die focus servo system of tiie signal processing device can 
always be set in the optimum state by adequately effecting 
die focus balance adjustment at Uie time of operation of die 
system. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen- 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate prescntiy 
preferred embodiments of the invention, and togetiier widi 
the general description given above and the detailed descrip- 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIGS. 1 and 2 are circuit diagrams each showing an 
example of the construction of a focus balance adjusting 
circuit in the conventional disk reproducing device utilizing 
the astigmatism method; 

FIG. 3 is a circuit diagram for illusu^ting a focus balance 
automatic adjusting device and automatic adjusting method 
in a disk reproducing device according to a first embodiment 
of tiiis invention; 

FIG. 4 is a circuit diagram showing an example of the 
detail construction of an envelop detector circuit in the 
circuit of HG. 

FIGS. 5 and 6 are diagrams each showing the relation 
between the de-focus distance and the level of an RF signal; 

FIG. 7 is a waveform diagram of various signals in the 
circuit shown in FIG. 3; 

FIG. 8 is a circuit diagram showing another example of 
the construction of the focus balance automatic adjusting 
device in the disk reproducing device, for iUustrating a 
second embodiment of this invention; 

FIG. 9 is a block diagram showing the schematic con- 
struction of a signal processing device having a focus 
balance automatic adjusting device and a peripheral unit 
thereof, for illustrating a third embodiment of this invention; 
and 

FIG. 10 is a flowchart for illustrating a focus balance 
automatic adjusting method in the circuit shown in FIG. 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 3 shows an example of the construction of a focus 
balance automatic adjusting device in a disk reproducing 
device according to a first embodiment of this invention, A 
four-divided detector 11 formed of photodiodes or the like is 
so designed that signals (currents) can be derived from four 
divided portions. Signal currents from the portions lying on 
the respective diagonal lines are added together and Uie 
results of addition are respectively supplied to current- 
voltage converters 31-1, 31-2 and to the inverting input 
terminal (-) and non-inverting input terminal (+) of a 
differential amplifier 13 via resistors Rl, R2. The current- 
voltage converters 31-1, 31-2 convert the two added signal 
currents into voltages. The current- voltage converter 31-2 is 
designed such that the gain thereof can be converted and the 
gain thereof is controlled by a focus balance adjusting signal 
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FB which will be described later, A parallel circuit of a 
resistor R3 and a capacitor CI is connected between the 
inverting input tenninal (-) and an output tenninal of the 
differential amplifier 13. Further, a capacitor C2 and a 
resistor R7 is connected between the non-inverting input 5 
terminal (+) of the differential amplifier 13 and a ground 
terminal. An output of the differential amplifier 13 is sup- 
plied to a focus equalizer 15 as a focus eiror signal FE and 
the gain and phase thereof are compensated for by the 
equalizer 15. Whether the focus error signal FE is supplied 
to the equalizer 15 or not is controlled by use of a loop 
ON/OFF switch 14, when the switch 14 is set in the OFF 
state, the focus error signal FE is supplied to the equalizer 
15, and when the switch 14 is set in the ON state, the 
potential of the input terminal of the equalizer 15 is set to the 
ground potential. A disturbance signal of stepped form 
(having first and second levels) created by a disturbance 
generator 32 is added to an output signal of the focus 
equalizer 15 and the result of addition is supplied to a 
selection switch 16. The selection switch 16 is switched to 
select the output signal of the equalizer 15 or a focus search ^ 
signal FS and supplies a selected signal to a driver 17. Then, 
a focus actuator 18 is driven by the driver 17. 

Output signals of the current- voltage converters 31-1 and 
31-2 are supplied to the inverting input terminal (-) of a 
differential amplifier 20 via resistors R4 and RS, respec- 
tively. A resistor R6 is connected between the inverting input 
terminal (-) and an output terminal of the differential 
amplifier 20 and the non-inverting input terminal (+) thereof 
is connected to the ground terminal. With this connection, 
the differential amplifier 20 acts as an adder. A total sum 
signal of the four-divided detector 11 is derived by the adder, 
and as a result, an RF (radio frequency band) signal (which 
is also called an HF signal) which is information data is 
created. 

The RF signal is binaiy-coded by a data extraction circuit 
22 and supplied to a signal processing circuit 23 as an EFM 
signal. In the signal processing circuit 23, the EFM demodu- 
lation, sub-code demodulation, error correction processing 
and the like arc effected and the results of the processings are 40 
supplied to a digital/analog converter (D AC) 24 as data DA. 
An output of the DAC 24 is supplied to a low-pass filter 
(LPF) 25 and the high frequency component thereof is cut 
off. Then, an output of the LPF 25 is output as a reproduced 
audio signal koi/r- 45 

Further, the RF signal is supplied to a high-pass filter 
(HPF) and the D.C. component thereof is cut off. The 
high-pass filter is constructed by a differential amplifier 33, 
resistors R8, R9 and capacitor C3. One electrode of tiie 
capacitor C3 is connected to the output terminal of tiie 50 
differential amplifier 20 and the other electrode thereof is 
connected to one end of the resistor R8, The other end of the 
resistor R8 is connected to an inverting input tenninal (-) of 
the differential amplifier 33. The resistor R9 is connected 
between the inverting input ternunal (-) and an output 55 
terminal of the differential amplifier 33 and the non-invert- 
ing input terminal (+) of the differential amplifier 33 is 
connected to a ground tenninal. An output of the differential 
amplifier 33 is supplied to an envelop detector circuit 
(detector) 34 to effect the peak detection and bottom detec- 60 
tion and a difference therebetween is supplied to an analog/ 
digital converter (ADC) 35 as an RFRP signal. The RFRP 
signal is converted into digital data by the ADC 35 and the 
digital data is supplied to a signal processing section 36. The 
signal processing section 36 is also supplied with a distur- 65 
bance signal from die dismrbance generator 32, receives 
values of the RFRP signal (digital signal) obtained when tiie 



disturbance signal is positive and negative, and derives a 
difference between the values thereof. 

An output of the signal processing section 36 is supplied 
to a pulse width modulation (PWM) circuit 37 to create a 
focus balance adjusting signal FB. The signal FB is supplied 
to die current-voltage converter 31-2 via a carrier rejection 
filter 38 fonned of a resistor R14 and a capacitor C6 so as 
to control die gain. 

FIG. 4 shows an example of die detail construction of the 
envelop detection circuit 34. An RFRP signal is created 
based on the RF signal by the high-pass filter HPF and the 
envelop detection circuit 34. The envelop detection circuit 
34 includes diodes Dl, D2, cunent sources II, 12, capacitors 
C4, C5, buffer amplifiers 26» 27, resistors RIO to R13, and 
differential amplifier 28. An output terminal of the differ- 
ential amplifier 33 in the high-pass filter HPF is connected 
to the catiiode of the diode Dl and the anode of die diode 
D2. The anode of the diode Dl is connected to an input 
terminal of the buffer amplifier 26 and the cathode of die 
diode D2 is coimected to an input terminal of the buffer 
amplifier 27. The cunent source II is connected between the 
input terminal of the buffer amplifier 26 and the power 
source +vcc and the capacitor C4 is connected between the 
input terminal thereof and the ground terminal. The current 
source 12 is cormected between the input terminal of the 
buffer amplifier 27 and the power source -vcc and the 
capacitor C5 is connected between the input terminal thereof 
and the ground terminal. An output tenmnal of the buffer 
amplifier 26 is connected to the non-inverting input terminal 
(+) of the differential amplifier 28 via a resistor RIO, an 
output terminal of the buffer amplifier 27 is connected to one 
end of the resistor Rll, and the other end of the resistor Rll 
is connected to the inverting input tenninal (-) of the 
differential amplifier 28. A resistor R12 is connected 
between the non-inverting input terminal (+) of the differ- 
ential amplifier 28 and the ground terminal and a resistor 
R13 is connected between the inverting input terminal (-) 
and an output terminal of the differential amplifier 28. An 
RFRP signal is derived from the output terminal of the 
differential amplifier 28. 

In the envelop detection circuit 34 with the above con- 
struction, the value of a lower envelop of the RF signal is 
detected by means of the diode Dl, current source II, 
capacitor C4 and buffer amplifier 26 and the value of an 
upper envelop of the RF signal is detected by means of the 
diode D2, current source 12. capacitor C5 and buffer ampli- 
fier 27. An RFRP signal is created by deriving a difference 
between the above envelop values by use of the differential 
amplifier 28 and resistors RIO to R13. 

Next, die operation of die circuit shown in FIGS. 3 and 4 
is explained in detail widi reference to FIGS. 5 to 7. FIGS. 
5 and 6 are diagrams each showing the relation between the 
de-focus amount and die amplitude of the RF signal. The 
de-focus amount of "0" indicates the position in which the 
focus position of the laser beam for the respective pickups 
is precisely set on the disk surface and the amplitudie of the 
RF signal is set at the maximum level. If the focus position 
of the laser beam before adjustment is set at die point 'TB" 
of FIG. 5, die RF level (v) indicating die amplitude of die RF 
signal indicates a value of "AO". If, in this state, a distur- 
bance signal as shown in FIG. 7 is applied, the focus position 
is de-focused ("B+ds" and **B-ds") by "ds" widi die point 
"B" set at die center. At diis time, the amplitude of the RF 
signal becomes "Ap" when the de-focus amount is "B+ds" 
and it becomes "An" when the de-focus amount is **B-ds". 
The levels of die RFRP signal conesponding to "Ap" and 
"An" of die RF signal are detected and die balance is 
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adjusted to set the two levels equal to each other. The levels inverting input terminal (-) and an output terminal of the 
of the RFRP signal corresponding to "Ap" and "An" of the differential amplifier 39. Further, a capacitor C2 and a 
RF signal are set at "Apf * and "Anr" as shown in FIG. 7, and resistor R7 are connected between the non-inverting input 
if the gain of the detector 34 is "Kdet", the relations of terminal (+) of the differential amplifier 39 and a ground 
"Apr=Kdet.Ap" and "Anr=Kdet An" are obtained. Further, 5 terminal. The inverting input terminal (-) of the differential 
by calculating "Apr-Ant", the de-focus direction can be amplifier 39 is supplied with a focus balance adjustment 
determined based on the polarity of the result and whether signal FB output from a carrier rejection filter 38. As a result, 
the focus position should be set closer to or separated from a difference between the two signal currents output from the 
the disk can be determined, detector 11 can be derived by the differential amplifier 39 
"Ap" and "An" indicate such levels as shown in FIG. 7 difference signal is added to the focus balance adjust- 
and the level "Vd" of the disturbance signal and the period °ient signal FB to create a focus error signal FE. An output 
"Td" are determined based on the gain distribution of the pf the differential amplifier 39 is supplied to a focus equal- 
focus servo system and the pickup. If the driving sensitivity 15 as a focus error signal FE and the gain and phase 
of the focus acttjator 18 is K (\im/\), the gain of the driver thereof are compensated for by the equalizer 15. 
17 is Gd (times), and the open loop gain of the focus servo Since the other construction is the same as that of the 
is HL, then the de-focus amount ds can be expressed as circuit shown in FIG. 3, the same reference numerals are 
follows: attached to the same portions and the detail explanation 

therefor is omitted. 

ds=K'Gd Vd/ii+HL) dim) In the circuit of FIG. 8, the focus balance adjustment 

signal FB is added to the difference value of the signal 

If the envelop of the RF signal is monitored in a state in 20 current derived by the differential amplifier 39 for creating 

which a disturbance signal which is a forced de-focus signal the focus error signal FE and thus the focus error signal is 

is introduced into the focus servo loop, the amplimde of the derived and used to effect the focus balance adjustment The 

RF signal in the de-focus state becomes small. By using this focus balance automatic adjustment device shown in FIG. 8 

characteristic, the operations of moving the focus position in is different from the circuit of FIG. 3 in that the focus 

a direction (positive) approaching the disk and in a direction 25 balance adjustment signal FB is added to the difference 

(negative) departing from the disk are alternately effected signal output from the differential amplifier 39 to create the 

and the gain of the first-stage current- voltage converter 31-2 focus error signal FE, but the other basic operation and effect 

is set to suppress the fluctuation in the amplitude of the RF are the same. 

signal at the respective times to a minimum as shown in FIG. FIG. 9 is a block diagram for illustrating a third embodi- 
6. 30 ment of this invention and showing the schematic construe- 
In the above embodiment, an RFRP signal which is a lion of a signal processing device having a focus balance 
difference signal between the upper envelop and the lower automatic adjustment device and the peripheral unit thereof, 
envelop of the RF signal having amplitude information of The signal processing device 40 includes a data signal 
the RF signal is used as a monitor signal. The RFRP signal creation circuit 41, control signal creadon circuit 42, adder 
is subjected to the AD conversion, a difference AL between 35 circuit 43, level detection circuit 44, difference circuit 45 and 
the peak level of the RFRP signal at the time of positive side disturbance generator 32. The data signal creation circuit 41 
de-focus and the peak level of the RFRP signal at the time includes an adder constructed by the differential amplifier 20 
of negative side de-focus is derived, and the gain of the and the resistors R4 to R6, and the current-voltage convert- 
current- voltage converter 31-2 is adjusted to set the differ- ers 31-1, 31-2 (or 12-1, 12-2) in the circuit shown in FIGS, 
ence AL to "0", In this adjustment, the tracking servo may 40 3 and 4. The control signal creation circuit 42 includes the 
be set in the ON or OFF state. differential amplifier 13 (or 39), resistors Rl to R3, R7, 
Wtii the above construction, the focus balance adjustment capacitors CI, C2. loop ON/OFF switch 14 and focus 
which was conventionally effected by the operator by use of equalizer 15. The level detection circuit 44 includes the 
the semi-fixed resistor or the like can be automatically high-pass filter HPF and envelop detector circuit 34. The 
effected. Further, the percent defective caused by the mis- 45 difference circuit 45 includes the ADC 35, signal processing 
adjustment in the mass production line of sets can be section 36, PWM 37 and carrier rejection filter 38. 
suppressed. The adjustment for the service condition of the The disk 1 having information recorded thereon is rotated 
set can be made and the adjustment deviation by deteriora- by the motor 2. A laser beam which is generated from the 
tion of the pickup and electric parts with time can be semiconductor laser provided in the optical pickup urut 3 is 
prevented. Further, by adequately effecting the focus bal- 50 applied to the disk 1, the reflected light is received by the 
ance adjustment at the time of system operation, for four-divided detector in the unit 3, and current signals are 
example, the focus servo system can be set in die optimum derived from the four divided portions thereof. The current 
condition according to the enviroimient in which it is used. signals from the portions lying on each of the diagonal lines 
FIG. 8 illustrates a second embodiment of this invention are added together. Two signals obtained by the addition are 
and shows anotiier example of the consttuction of the focus 55 supplied to a data signal creation circuit 41. After the two 
balance automatic adjustment device in the disk reproduc- signals supplied to the data signal creation circuit 41 are 
tion device. A four-divided detector 11 formed of photo- converted into voltages by the current-voltage converter, 
diodes or the like is so designed that signals (currents) can they are added together to create an RF signal, binary-coded 
be derived from four divided portions. Signals (currents) and then supplied to a signal processing circuit 6 as an EFM 
from the portions lying on each of the diagonal lines are 60 signal. In the signal processing circuit 6, the EFM demodu- 
added together and the results of addition are respectively lation, sub-code demodulation, error correction process and 
supplied to current- voltage converters 12-1, 12-2 and to the the like are effected and an output thereof is supplied to a 
inverting input terminal (-) and non-inverting input terminal digital/analog converter (D AC) 9. An analog signal output 
i+) of a differential amplifier 39 via resistors Rl. R2. The from the DAC 9 is supplied to a low-pass filter (LPF) 10 and 
current-voltage converters 12-1, 12-2 each convert the two 65 the high frequency component thereof is eliminated. A 
added signals (currents) into voltages. A parallel circuit of a reproduction signal Dq^j- of data recorded on the disk 1 is 
resistor R3 and a capacitor CI is connected between the output from the LPF 10. 
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A signal supplied from the data signal creation circuit 41 
to the control signal creation circuit 42 is added to a focus 
balance adjusting signal FB output from the difference 
circuit 45 to create a focus control signal FC (which is the 
same as the focus error FE of FIGS. 3 and 8) as a first control 5 
signal. The focus control signal FC is added to a disturbance 
signal having a first and second levels created by the 
disturbance generator 32 by the adder circuit 43 and the 
result of addition is supplied to the focus servo control 
circuit in the servo control unit 5. The focus servo control 
circuit drives the focus actuator in the pickup unit 3 to 
correct the focus position of the beam spot. 

Further, a data signal (RF signal) created in the data signal 
creation circuit 41 is supplied to the level detection circuit 
44. The first amplitude level of the data signal is detected 
according to the first level of the disturbance signal gener- i^ 
ated from the disturbance generator 32 by the circuit 44 and 
the second amplitude level of the data signal is detected 
according to the second level of the disturbance signal. An 
output of the level detection circuit 44 is supplied to the 
difference circuit 45 and a second control signal FB corrc- 20 
spending to a difference between the first and second ampli- 
tude levels of the data signal is created by the circuit 45. The 
second control signal FB is supplied to the control signal 
creation circuit 42 and a focus control signal FC is created 
according to the control signal FB by the circuit 42. 25 

The second control signal FB may be additionally sup- 
plied to the adder circuit 43 as indicated by broken lines in 
addition to the sum of the signal FC created by the control 
signal creation circuit 42 and the disturbance signal. 

FIG. 10 is a flowchart for illustrating the focus balance 30 
adjustment method effected by use of the control signal 
creation circuit 42, difference circuit 45, disturbance gen- 
erator 32 and adder circuit 43 of the signal processing circuit 
shown in FIG. 9. First, after the laser is turned ON (STEP 1), 
the operation called the focus search is effected (STEP 2), 35 
the focus actuator is forcedly driven to a position near the 
focus position and the focus servo is closed. After this, 
whether the fOCUS servo is operated or not is determined 
(STEP 3) by monitoring the RF signal. If it is detected that 
the focus servo is operated, the disk 1 is rotated by the motor 40 
2 (and the tracking servo is activated) to start the focus 
balance automatic adjustment (STEP 4). 

A positive disturbance signal is generated from the dis- 
turbance generator 32 (STEP 5) and supplied to the servo 
circuit. Then, an averaged number N is set to "1" and a 45 
register AVp used for calculating the average value is set to 
"0" (STEP 6). Next, Apr data is fetched and added to data 
of the register AVp (STEP 7), Then, whether the fetched 
sample number N is set to a value n© or not is checked (STEP 
8), and if it is detected that the number is not set to ng, Apr 50 
data is repeatedly fetched. 

When it is determined that the accumulated sample num- 
ber has exceeded n^, the distuibance signal is changed to the 
negative side (STEP 9), the averaged number N is set to "1", 
and a register AVn used for calculating the average number 55 
is initialized to **0" (STEP 10). 

After this, Anr data items of n© are accumulatively added 
in the same manner as in the case of positive value (STEP 
11, 12). After fetching Ant data items of Uq. (Apr/Anr)/no is 
calculated and a difference value D of the average level of 60 
RFRP signals for each sample is calculated (STEP 13). 
Then, whether the difference value D lies in the range of the 
window from "-AD" to "+AD" or not is determined (STEP 
14). The windows "-AD" and "+AD" are minute values near 
"0" and "AD" are called the adjustment precision. 65 

If the difference value D is not in the above range, the 
control signal output from the PWM is subjected to the 
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up/down control by one step at a time according to the sign 
of the value D. 

After this, the step (STEP 5) of generating the positive 
disturbance signal is effected again and the same process is 
repeatedly effected until the value D comes into the range of 
the window between "-AD" and "+AD". 

The focus balance automatic adjustment operation is 
effected as described above, and after the completion of the 
process, the next process including data fetch is effected. 

As described above, with the focus balance automatic 
adjustment device in the disk reproducing device of this 
invention, since the positive and negative de-focus positions 
are formed according to a disturbance signal output from the 
disturbance generator and a difference between them is 
calculated each time the central position thereof is moved, 
time required for the adjustment becomes shorter as the 
initial condition is nearer to the final adjustment point and 
thus the adjustment time can be reduced. When the adjust- 
ment is started by the disturbance signal from the distur- 
bance generator 32, the position in which the focus position 
is set on the parabolic curve of the de-focus characteristic 
can be determined. Therefore, by de-focusing the focus 
position by a minute amount in the positive direction and 
negative direction from the above position, the direction 
towards the adjustment point can be determined according to 
whether the two difference values are positive or negative. 
Further, since only determination whether a difference value 
between RF signals fetched in the two de-focus conditions 
is "0" or not is made, the circuit construction can be made 
simple and the processing time can be reduced. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details, 
representative devices, and illustrated examples shown and 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 

1. A disk reproduction device comprising: 
pickup means for optically reading information recorded 
on a disk; 

servo control means for controlling the focus position in 
said pickup means; 

control signal creation means for creating a first control 
signal used for controlling a focus position of said 
pickup means based on the information read from said 
disk, said control signal creation means having a loop 
ON/OFF switch for closing and opening a focus servo 
loop; 

disturbance signal generation means for generating a 
disturbance signal having first and second levels; 

adder means for adding the first control signal and the 
disturbance signal together and outputting the result of 
addition to said servo control means; 

level detection means for detecting, in response to said 
disturbance signal generated in said disturbance signal 
generation means, first and second amplimde levels of 
a data signal read from said disk by said pickup means, 
said level detection means being supplied with the 
disturbance signal while said focus servo loop is kept 
closed by turning on said loop ON/OF switch, said 
level detection mean detecting die first amplitude level 
of the data signal when the disturbance signal is set at 
the first level and detecting a second amplitude level of 
die data signal when the disturbance si^ial is set at the 
second level; and 
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difference signal creation means for creating a second 
control signal corresponding to a difference between 
the first and second amplitude levels and outputting the 
second control signal to said control signal creation 
means; 5 

wherein said control signal creation means creates the first 
control signal in response to the second control signal. 

2. A disk reproduction device according to claim 1, 
wherein said disturbance signal controls movement of the 
focus position of said pickup means such that when said 
disturbance signal is at said first level, the focus position is 
moved in a first direction by a certain distance and when said 
disturbance signal is at said second level, the focus position 
is moved in a second direction opposite to said first direction 
by said certain distance. 

3. A disk reproduction device comprising: 
pickup means for optically reading information recorded 

on a disk; 

servo control means for controlling the focus position in 
said pickup means; 20 

control signal creation means for creating a first control 
signal used for controlling a focus position of said 
pickup means based on the infonnation read from said 
disk, said control signal creation means having a loop 
ON/OFF switch for closing and opening a focus servo 25 
loop; 

disturbance signal generation means for generating a 
disturbance signal having first and second levels; 

level detection means for detecting, in response to said 
disUirbance signal generated in said disturbance signal ^ 
generation means, first and second amplimde levels of 
a data signal read from said disk by said pickup means, 
said level detection means being supplied with the 
disturbance signal while said focus servo loop is kept 
closed by turning on said loop ON/OF switch, said 35 
level detection mean detecting the first amplitude level 
of the data signal when the disturbance signal is set at 
the first level and detecting a second amplitude level of 
the data signal when the dismrbance signal is set at the 
second level; ^ 

difference signal creation means for creating a second 
control signal corresponding lo a difference between 
the first and second amplitude levels and outputting the 
second control signal to said control signal creation 
means; 

adder means for adding the first control signal, the dis- 
turbance signal and the second control signal together 
and outputting tiie result of addition to said servo 
control means. 

4. A disk reproduction device according to claim 3, 
wherein said disturbance signal controls movement of the 
focus position of said pickup means such that when said 
dismrbance signal is at said first level, the focus position is 
moved in a first direction by a certain distance and when said 
disturbance signal is at said second level, the focus position 
is moved in a second direction opposite to said first (Erection 
by said certain distance. 

5. A focus balance automatic adjusting device comprising: 
focus adjusting means for adjusting a focus position of a go 

light beam in an optical pickup unit for reading infor- 
mation recorded on a disk by applying the light beam 
to the disk and receiving the reflected light, said focus 
adjusting means having a loop ON/OFF switch for 
closing and opening a focus servo loop; ^5 
focus control means for creating a control signal to 
control said focus adjusting means; 
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dismrbance signal generator means for generating a dis- 
turbance signal having first and second levels for 
moving tiie focus position of the light beam in opposite 
directions; 

level detection means for detecting, in response to the 
disturbance signal generated in said disturbance signal 
generation means, levels of output of said optical 
pickup unit generated when the first and second levels 
of the disturbance signal are input, said level detection 
means being supplied with said disturbance signal 
while said focus servo loop is kept closed by turning on 
said loop ON/OFF switch, said detection means detect- 
ing a first amplimde level output firom said optical 
pickup unit when the disturbance signal is set at the first 
level and detecting a second amplitude level output 
from said optical pickup unit when the disturbance 
signal is set at the second level; 

level difference deriving means for deriving a difference 
between the first amplimde level and the second ampli- 
tude level, by subtracting the output level of said 
optical pickup unit when the disturbance signal is set at 
the first level from the output level of said optical 
pickup unit when the disturbance signal is set at the 
second level; and 

signal processing means for controlling said focus control 
means according to a level difference output from said 
level difference deriving means to set the output level 
of said optical pickup unit obtained when the distur- 
bance signal is set at the first level and the output level 
of said optical pickup unit obtained when the distur- 
bance signal is set at the second level equal to each 
other. 

6. A focus balance automatic adjusting device according 
to claim 5, wherein said disturbance signal controls move- 
ment of the focus position of the light beam such that when 
said disturbance signal is at said first level, the focus position 
is moved in a first direction by a certain distance and when 
said disturbance signal is st said second level, the focus 
position is moved in a second direction opposite to said first 
direction by said certain distance. 

7. A focus balance automatic adjusting device according 
to claim 6, wherein said optical pickup unit includes a 
four-divided detector. 

8. A focus balance automatic adjusting device according 
to claim 7, wherein said level detection means includes an 
adder for deriving the total siun signal of said four-divided 
detector and outputting an RF signal which is information 
data. 

9. A focus balance automatic adjusting device according 
to claim 8, wherein said level difference deriving means 
includes a high-pass filter for cutting off the D.C. component 
from an output of said adder, and an envelop detector circuit 
for effecting the peak detection and bottom detection for an 
output signal of said high-pass filter and deriving a differ- 
ence therebetween to create an RFRP signal. 

10. A focus balance automatic adjusting device according 
to claim 9, wherein said signal processing means includes an 
analog/digital converter for converting tiie RFRP signal into 
digital signal, and a signal processing circuit for receiving 
values of the RFRP signal output from said analog/digital 
converter when die disturbance signal is set on the positive 
side and on the negative side and deriving a difference 
between the received values. 

11. A focus balance automatic adjusting device according 
to claim 10, wherein said focus control means includes a 
pulse width modulation circuit for subjecting an output of 
said signal processing section to tiie pulse width modulation 
to create a focus balance adjustment signal. 
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12. A focus balance automatic adjusting device according 
to claim 11, wherein said focus control means further 
comprising a caiticr elimination filter for receiving a focus 
balance adjustment signal output from said pulse width 
modulation circuit to create a signal used for controlling the 5 
gain of said second current-voltage converter. 

13. A focus balance automatic adjusting device according 
to claim 7, wherein said focus adjusting means includes a 
first current-voltage converter supplied with the result of 
addition of signal currents derived from portions lying on 
one of the diagonal lines of said four-divided detector, a 
second current-voltage converter supplied with the result of 
addition of signal currents derived from portions lying on 
the other diagonal line of said four-divided detector; a 
differential amplifier supplied with output signals from said 
first and second current- voltage converters to derive a dif- 
ference value between the signal currents and adding the 
difference value to an output signal of said focus control 
means to create a focus error signal; a focus equalizer for 
receiving the focus error signal to compensate for the gain 
and phase; adder means for adding togeiier an output signal 
from said focus equalizer and the disturbance signal created 
by said disturbance signal generating means; and a driver for 
driving a focus actuator according to an output signal of said 
adder means. 

14. A focus balance automatic adjusting device according ^ 
to claim 13. fruther comprising a loop ON/OFF switch for 
controlling whether the focus error si^ial is supplied to said 
focus equalizer or not. 

15. A focus balance automatic adjusting device according 
to claim 13, further comprising a selection switch for 
selectively supplying one of an output signal of said adder 
means and a focus search signal to said driver. 

16. A focus balance automatic adjusting device according 
to claim 7, wherein said focus adjusting means includes a 
first cunrent-voltage converter supplied with the result of 
addition of signal currents derived from portions lying on 
one of the diagonal lines of said four-divided detector; a 
second current- voltage converter supplied with the result of 
addition of signal currents derived from portions lying on 
the other diagonal line of said four-divided detector and ^ 
having a gain controlled by an output signal of said focus 
control means; a differential amplifier supplied with output 
signals from said first and second current-voltage converters 

to create a focus error signal; a focus equalizer for receiving 
the focus error signal to compensate for the gain and phase; 
adder means for adding together an output signal from said 
focus equalizer and the disturbance signal created by said 
disturbance signal generating means; and a driver for for 
driving a focus actuator according to an output signal of said 
adder means. 

17. A focus balance automatic adjusting device, according 
to claim 16, wherein said loop ON/OFF switch controls 
whether or not the focus error signal is supplied to said focus 
equalizer. 

18. A focus balance automatic adjusting device according 
to claim 16, frirther comprising a selection switch for 
selectively supplying one of an output signal of said adder 
means and a focus search signal to said driver. 

19. A focus balance automatic adjusting method compris- 
ing the steps of; 

generating a disturbance signal of first level; 

supplying the disturbance signal of first level to an optical 
pickup unit to move the focus position of a light beam 
in a first direction; ^5 

detecting, in response to said dismrbance signal of said 
fint level, a first amplitude level of an output signal of 
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the optical pickup unit, said ampUmde level of the 
output sigiial being obtained when the disturbance 
signal of said level is input and corresponding to a case 
where a focus position is moved in a first direction; 

generating a disturbance signal of second level; 

supplying the disturbance signal of second level to the 
optical pickup unit to move the focus position of the 
light beam in a second direction which is opposite to 
the first direction; 

detecting, in response to said disturbance signal of said 
second level, a second amplitude level of an output 
signal of the optical pickup unit, said second amplitude 
level of the output signal being obtained when the 
disturbance signal of said second level is input and 
corresponding to a case where a focus position is 
deviated in a second direction; 

deriving a difference between the first and second ampli- 
tude levels by subtracting the second amplitude level 
fix>m the first amplitude level; 

correcting the focus position of the light beam of the 
optical pickup unit according to the derived difference 
between the firet and second amplitude levels; and 

determining that the light beam of the optical pickup unit 
is focused when the first and second amplitude levels 
are set equal to each other. 

20. A focus balance automatic adjusting method accord- 
ing to claim 19, wherein said disturbance signal controls 
movement of the focus position of the light beam of said 
optical pickup unit such that when said disturbance signal is 
at said first level, the focus position is moved in a first 
direction by a certain distance and when said disturbance 
signal is at said second level, the focus position is moved in 
a second direction opposite to said fint direction by said 
certain distance. 

21. A signal processing device comprising: control signal 
creation means for creating a first control signal used for 
controlling a focus position of an optical pickup unit for 
optically reading information recorded on a disk, said con- 
trol signal creation means having a loop ON/OFF switch for 
closing and opening a focus servo loop; 

dismrbance signal generation means for generating a 
disturbance signal having fint and second levels; 

adder means for adding the fint control signal and the 
disturbance signal together and outputting the result of 
addition to a servo control means; 

level detection means for detecting, in response to said 
disturbance signal generated in said disturbance signal 
generation means, first and second amplitude levels of 
a data signal read from said disk by said pickup means, 
said level detection means being supplied with the 
disturbance signal while said focus servo loop is kept 
closed by turning on said loop ON/OF switch, said 
level detection mean detecting the first amplitude level 
of the data signal when the disturbance signal is set at 
the first level and detecting a second amplitude level of 
the data signal when the disturbance signal is set at the 
second level; and 

difference signal creation means for creating a second 
control signal corresponding to a difference between 
the first and second amplitude levels and outputting the 
second control signal to said control signal creation 
means; 

wherein said control signal creation means creates the first 
control signal in response to the second control signal. 

22. A signal processing device according to claim 21, 
wherein said disturbance signal controls movement of the 



02/25/2004, EAST Version: 1.4.1 



5,610,886 



17 



18 



focus position of said optical pickup unit such that when said 
disturbance signal is at said first level, the focus position is 
moved in a first direction by a certain distance and when said 
disturbance signal is at said second level, the focus position 
is moved in a second direction opposite to said first direction 5 
by said certain distance. 

23. A signal processing device comprising: control signal 
creation means for creating a first control signal used for 
controlling a focus position of an optical pickup unit for 
optically reading information recorded on a disk, said con- lO 
trol signal creation means having a loop ON/OFF switch for 
closing and opening a focus servo loop; 

disturbance signal generation means for generatmg a 
dismrbance signal having first and second levels; 

level detection means for detecting, in response to said 
disturbance signal generated in said disturbance signal 
generation means, first and second amplitude levels of 
a data signal read from said disk by said pickup means, 
said level detection means being supplied with the 
disturbance signal while said focus servo loop is kept 
closed by turning on said loop ON/OF switch, said 
level detection mean detecting Qie first amplitude level 
of the data signal when the disturbance signal is set at 
the first level and detecting a second amplitude level of 
the data signal when the disturbance signal is set at the 
second level; 

difference signal creation means for creating a second 
control signal corresponding to a difference between 
the first and second amplimde levels and outputting the 
second control signal to said control signal creation 
means; and 

adder means for adding the first control signal, the dis- 
turbance signal and the second control signal together 
and outputting the result of addition to servo control 35 
means for controlling the focus position of said pickup 
unit. 

24. A signal processing device according to claim 23, 
wherein said disturbance signal controls movement of the 
focus position of the light beam of said optical pickup unit 40 
such that when said disturbance signal is at said first level, 
the focus position is moved in a first direction by a certain 
distance and when said disturbance signal is at said second 
level, the focus position is moved in a second direction 
opposite to said first direction by said certain distance. 45 

25. A focus balance automatic adjusting device compris- 
ing: 

a focus adjusting circuit for adjusting a focus position of 
a light beam in an optical pickup unit for reading 
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information recorded on a disk by applying a light 
beam to the disk and receiving the reflected light, said 
focus adjusting circuit having a loop ON/OFF switch 
for closing and opening a focus servo loop; 

a focus control circuit for creating a control signal to 
control said focus adjusting circuit; 

a disturbance signal generator for generating a distur- 
bance signal having first and second levels for moving 
the focus position of the light beam in opposite direc- 
tions; 

a level detector circuit for detecting levels of outputs of 
said optical pickup unit generated when the first and 
second levels of the disturbance signal are input, in 
response to the disturbance signal generated in said 
disturbance signal generators, said level detector circuit 
being supplied with the disturbance signal while said 
focus servo loop is kept closed by turning on said loop 
ON/OF switch, said level detector circuit detecting a 
first amplitude level of the data signal when the dis- 
turbing signal is set at the first level and detecting a 
second amplitude level of the data signal when said 
disturbing signal is set at the second level; 
a difference circuit for deriving a difference between the 
first amplitude level and the second amplitude level, by 
subtracting the output level of said optical pickup unit 
detected by said level detector circuit when the distur- 
bance signal is set at the first level and the output level 
of said optical pickup unit detected when the distur- 
bance signal is set at the second level; and signal 
processing circuit for controlling said focus control 
circuit according to a level difference output from said 
difference circuit to set the output level of said pickup 
unit obtained when the disturbance signal is set at the 
first level and the output level of said optical pickup 
unit obtained when the disturbance signal is set at the 
second level equal to each other. 
26. A focus balance automatic adjusting device according 
to claim 25, wherein said disturbance signal controls move- 
ment of the focus position of the light beam of said optical 
pickup unit such that when said disturbance signal is at said 
first level, the focus position is moved in a first direction by 
a certain distance and when said disturbance signal is at said 
second level, the focus position is moved in a second 
direction opposite to said first direction by said certain 
distance. 
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